Introduction to Mobile WiMAX
Mobile WiMAX is a broadband wireless solution that enables convergence of mobile andfixed broadband networks through a common wide area broadband radio accesstechnology and flexible network architecture. The Mobile WiMAX Air Interface adoptsOrthogonal Frequency Division Multiple Access (OFDMA) for improved multipathperformance in non-line-of-sight environments. Scalable OFDMA (SOFDMA) [3] isintroduced in the IEEE 802.16e Amendment to support scalable channel bandwidths from1.25 to 20 MHz. The Mobile Technical Group (MTG) in the WiMAX Forum isdeveloping the Mobile WiMAX system profiles that will define the mandatory andoptional features of the IEEE standard that are necessary to build a Mobile WiMAX-compliant air interface that can be certified by the WiMAX Forum. The Mobile WiMAXSystem Profile enables mobile systems to be configured based on a common base featureset thus ensuring baseline functionality for terminals and base stations that are fullyinteroperable. Some elements of the base station profiles are specified as optional toprovide additional flexibility for deployment based on specific deployment scenarios thatmay require different configurations that are either capacity-optimized or coverage-optimized. Release-1 Mobile WiMAX profiles will cover 5, 7, 8.75, and 10 MHz channelbandwidths for licensed worldwide spectrum allocations in the 2.3 GHz, 2.5 GHz, 3.3GHz and 3.5 GHz frequency bands.The WiMAX Forum Network Working Group (NWG) is developing the higher-levelnetworking specifications [4] 
Salient Features Supported by Mobile WiMAX

OFDMA basics for Mobile WiMAX
Orthogonal Frequency Division Multiplexing (OFDM) [6, 7] is a multiplexing techniquethat subdivides the bandwidth into multiple frequency sub-carriers as shown in Figure 2 .In an OFDM system, the input data stream is divided into several parallel sub-streams ofreduced data rate (thus increased symbol duration) and each sub-stream is modulated andtransmitted on a separate orthogonal subcarrier. The increased symbol duration improvesthe robustness of OFDM to delay spread. Furthermore, the introduction of the cyclicprefix (CP) can completely eliminate Inter-Symbol Interference (ISI) as long as the CPduration is longer than the channel delay spread. The CP is typically a repetition of thelast samples of data portion of the block that is appended to the beginning of the datapayload as shown in Figure 3 . The CP prevents interblock interference and makes thechannel appear circular and permits low-complexity frequency domain equalization.
A perceived drawback of CP is that it introduces overhead, which effectively reducesbandwidth efficiency. While the CP does reduce bandwidth efficiency somewhat, theimpact of the CP is similar to the "roll-off factor" in raised-cosine filtered single-carriersystems. Since OFDM has a very sharp, almost "brick-wall" spectrum, a large fraction ofthe allocated channel bandwidth can be utilized for data transmission, which helps tomoderate the loss in efficiency due to the cyclic prefix. is a multiple-access/multiplexing scheme thatprovides multiplexing operation of data streams from multiple users onto the downlinksub-channels and uplink multiple access by means of uplink sub-channels. 
OFDMA Symbol Structure and Sub Chanellization
The OFDMA symbol structure consists of three types of sub-carriers as shown in Figure4:  Data sub-carriers for data transmission  Pilot sub-carriers for estimation and synchronization purposes  Null sub-carriers for no transmission; used for guard bands and DC carriers Licensed Under Creative Commons Attribution CC BY carriers in the cluster are distributed to multiple subchannels.Analogous to the cluster structure for DL, a tile structure is defined for the UL PUSCwhose format is shown in Figure 6 Figure 6: Tile Structure for UL PUSC
The available sub-carrier space is split into tiles and six (6) tiles, chosen from across theentire spectrum by means of a re-arranging/permutation scheme, are grouped together toform a slot. The slot comprises 48 data sub-carriers and 24 pilot sub-carriers in 3 OFDMsymbols.The contiguous permutation groups a block of contiguous sub-carriers to form a sub-channel. The contiguous permutations include DL AMC and UL AMC, and have thesame structure. A bin consists of 9 contiguous sub-carriers in a symbol, with 8 assignedfor data and one assigned for a pilot. A slot in AMC is defined as a collection of bins ofthe type (N x M = 6), where N is the number of contiguous bins and M is the number ofcontiguous symbols. Thus the allowed combinations are [(6 bins, 1 symbol), (3 bins, 2symbols), (2 bins, 3 symbols), (1 bin, 6 symbols)]. AMC permutation enables multi-userdiversity by choosing the sub-channel with the best frequency response.In general, diversity subcarrier permutations perform well in mobile applications whilecontiguous sub-carrier permutations are well suited for fixed, portable, or low mobilityenvironments. These options enable the system designer to trade-off mobility forthroughput. With TDDimplementations, link adaptation can also take advantage of channel reciprocity toprovide a more accurate measure of the channel condition (such as sounding).Hybrid Auto Repeat Request (HARQ) is supported by Mobile WiMAX. HARQ isenabled using N channel "Stop and Wait" protocol which provides fast response to packeterrors and improves cell edge coverage. Chase Combining and optionally, IncrementalRedundancy are supported to further improve the reliability of the retransmission. Adedicated ACK channel is also provided in the uplink for HARQ ACK/NACK signaling.
Other Advanced Phy Layer Features
Multi-channel HARQ operation is supported. Multi-channel stop-and-wait ARQ with asmall number of channels is an efficient, simple protocol that minimizes the memoryrequired for HARQ and stalling [8] . WiMAX provides signaling to allow fullyasynchronous operation. The asynchronous operation allows variable delay betweenretransmissions which gives more flexibility to the scheduler at the cost of additionaloverhead for each retransmission allocation. HARQ combined together with CQICH andAMC provides robust link adaptation in mobileenvironments at vehicular speeds inexcess of 120 km/hr.
